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ABSTRACT 
The NASA L e w i s  R e s e a r c h  C e n t e r  and  t h e  U . S .  Army 
A v i a t i o n  Systems Command s h a r e  a n  i n t e r e s t  i n  
a d v a n c i n g  t h e  t e c h n o l o g y  for  h e l i c o p t e r  p r o p u l -  
s i o n  s y s t e m s .  I n  p a r t i c u l a r ,  t h i s  p a p e r  p r e s e n t s  
h i g h l i g h t s  from t h a t  p o r t i o n  o f  t h e  p r o g r a m  i n  
d r i v e  t r a i n  t e c h n o l o g y  a n d  t h e  r e l a t e d  m e c h a n i c a l  
c o m p o n e n t s .  The m a j o r  g o a l s  o f  t h e  p r o g r a m  a r e  
t o  i n c r e a s e  t h e  l i f e ,  r e l i a b i l i t y ,  a n d  m a i n t a i n -  
a b i l i t y ;  r e d u c e  t h e  w e i g h t ,  n o i s e ,  a n d  v i b r a t i o n ;  
a n d  m a i n t a i n  t h e  r e l a t i v e l y  h igh  m e c h a n i c a l  e f f i -  
c i e n c y  o f  t h e  g e a r  t r a i n .  The c u r r e n t  a c t i v i t y  
e m p h a s i z e s  n o i s e  r e d u c t i o n  t e c h n o l o g y  a n d  a n a l y t i -  
c a l  code  d e v e l o p m e n t  f o l l o w e d  b y  e x p e r i m e n t a l  
v e r i f i c a t i o n .  S e l e c t e d  s i g n i f i c a n t  advances  i n  
t e c h n o l o g y  f o r  t r a n s m i s s i o n s  a r e  r e v i e w e d ,  i n c l u d -  
i n g  a d v a n c e d  c o n f i g u r a t i o n s  a n d  new a n a l y t i c a l  
t o o l s .  F i n a l l y ,  t h e  p l a n  f o r  t r a n s m i s s i o n  
r e s e a r c h  i n  t h e  f u t u r e  i s  D r e s e n t e d .  
INTRODUCTION 
S i n c e  1970  NASA L e w i s  and  t h e  U.S.  Army A v i a t i o n  
Sys tems  Command h a v e  s h a r e d  a n  i n t e r e s t  i n  advanc -  
i n g  t h e  t e c h n o l o g y  f o r  h e l i c o p t e r  p r o p u l s i o n  s y s -  
t e m s .  The m a j o r  g o a l s  o f  t h e  p r o g r a m  a r e  t o  
i n c r e a s e  t h e  l i f e ,  r e l i a b i l i t y ,  a n d  m a i n t a i n a b i l -  
i t y .  r e d u c e  t h e  w e i g h t ,  n o i s e ,  and  v i b r a t i o n ,  and  
m a i n t a i n  t h e  r e l a t i v e l y  h i g h  m e c h a n i c a l  e f f i c i e n c y  
o f  t h e  g e a r  t r a i n ,  F i g u r e  (l), R e f e r e n c e  ( 1 ) .  
H i g h l i g h t s  from t h e  c u r r e n t  r e s e a r c h  a c t i v i t y  a r e  
p r e s e n t e d  n e x t .  
ANALYSIS 
The c u r r e n t  a c t i v i t y  e m p h a s i z e s  a n a l y t i c a l  code  
d e v e l o p m e n t  and  v a l i d a t i o n  w i t h  emphas is  o n  n o i s e  
r e d u c t i o n  t e c h n o l o g y  f o r  d r i v e  s y s t e m s ,  F i g u r e  ( 2 )  
T h e r e  i s  a g e a r  t e c h n o l o g y  e f f o r t  w h i c h  s u p p o r t s  
a d v a n c e s  i n  l i f e ,  h i g h e r  power  d e n s i t y ,  and  l u b r i -  
c a t i o n  f o r  g e a r s .  
Based  o n  t h e  e x p e r i m e n t a l ,  a n a l y t i c a l ,  and  d e s i g n  
s t u d i e s  c o n d u c t e d  u n d e r  t h e  t r a n s m i s s i o n  t e c h n o l -  
ogy p r o g r a m ,  some a d v a n c e d  t r a n s m i s s i o n  c o n c e p t s  
w e r e  e v o l v e d ,  i n c l u d i n g  t h e  advanced  500 h p  t r a n s -  
m i s s i o n ,  t h e  b e a r i n g l e s s  p l a n e t a r y  t r a n s m i s s i o n  
a n d  t h e  s p l i t - t o r q u e  t r a n s m i s s i o n .  
An e x t e n s i v e  d a t a  base  h a s  b e e n  e s t a b l i s h e d  for 
two s i z e s  o f  h e l i c o p t e r  t r a n s m i s s i o n s .  The A r m y ' s  
Uti-60 B l a c k h a w k  t r a n s m i s s i o n  has  been  r u n  i n  t h e  
NASA L e w i s  t e s t  s t a n d  t o  d e t e r m i n e  t h e r m a l ,  v i b r a -  
t i o n ,  s t r e s s  a n d  e f f i c i e n c y  i n f o r m a t i o n  f o r  a 
m a t r i x  o f  o p e r a t i n g  c o n d i t i o n s ,  R e f e r e n c e  ( 2 ) .  
T h i s  i n f o r m a t i o n  i s  b e i n g  used  t o  compare w i t h  
c o m p u t e r  c o d e  p r e d i c t i o n s  for  code v a l i d a t i o n  and  
t o  p r o v i d e  a b a s e l i n e  from w h i c h  t o  a s s e s s  t h e  
p r o m i s e d  a d v a n t a g e s  o f  f u t u r e  d e s i g n s  and  con-  
c e p t s .  
pose  was c o l l e c t e d  for  t h e  OH-58 t r a n s m i s s i o n ,  
R e f e r e n c e s  ( 3 )  a n d  ( 4 ) .  The NASA L e w i s  t e s t  
s t a n d s  a r e  c u r r e n t l y  o p e r a t i o n a l  and  a v a i l a b l e  
f o r  u s e  i n  e x p e r i m e n t a l  t r a n s m i s s i o n  work. 
The NASAIArmy p r o g r a m  has p r o d u c e d  some v e r y  u s e -  
f u l  c o m p u t e r  p r o g r a m s  f o r  d e s i g n i n g  and  a n a l y z i n g  
r o l l i n g  e l e m e n t  b e a r i n g s ,  R e f e r e n c e s  (5) t o  ( 8 ) .  
G e n e r a l l y ,  t h e  c o m p u t e r  p r o g r a m  c a n  p r e d i c t  p e r -  
f o r m a n c e  c h a r a c t e r i s t i c s  i n c l u d i n g  H e r t z  s t r e s s ,  
l o a d  d i s t r i b u t i o n ,  l u b r i c a t i o n  f i l m  t h i c k n e s s ,  
component  k i n e m a t i c s ,  f a t i g u e  l i f e ,  h e a t  g e n e r a -  
t i o n ,  o p e r a t i n g  t e m p e r a t u r e ,  and  power  l o s s  as  a 
f u n c t i o n  o f  i n p u t  p a r a m e t e r s  s u c h  as  b e a r i n g  geom- 
e t r y ,  speed ,  and  l o a d .  The p r o g r a m s  p e r m i t  b e t -  
t e r  d e s i g n s  and  e l i m i n a t e  much t r i a l  a n d  e r r o r  
t e s t i n g  p r i o r  t o  s e l e c t i o n  o f  a f i n a l  d e s i g n .  
A n a l y s e s  a n d / o r  c o m p u t e r  codes h a v e  a l s o  b e e n  
d e v e l o p e d  f o r  g e a r s  t o  p r o v i d e  t h e  f o l l o w i n g  
t y p e s  of c a l c u l a t i o n s :  ( a )  power  l o s s  and  e f f i -  
c i e n c y ,  ( b )  b e v e l  g e a r  c o n t a c t  g e o m e t r y ,  
( c )  g e a r  d y n a m i c  a n a l y s i s ,  ( d )  w e i g h t  m i n i m i z a -  
t i o n ,  ( e )  l i f e  p r e d i c t i o n ,  ( f )  l u b r i c a t i o n ,  a n d  
( g )  t e m p e r a t u r e s .  
An i n - h o u s e  and  u n i v e r s i t y  g r a n t  e f f o r t  c o n t i n u e s  
t o  d e v e l o p  c o m p u t e r  p r o g r a m s  for  a n a l y s i s  a n d  
d e s i g n  o f  t r a n s m i s s i o n  s y s t e m s .  
i t i e s  and  h a r d w a r e  a t  NASA L e w i s  a r e  b e i n g  u s e d  
t o  v a l i d a t e  t h e  c o m p u t e r  codes  a n d  c o l l e c t  a d d i -  
t i o n a l  d a t a  f o r  u s e  i n  d e v e l o p i n g  t h e  c o d e s .  A 
l i b r a r y  o f  c o m p u t e r  codes  and  s u b r o u t i n e s  for 
t r a n s m i s s i o n  s y s t e m  a n a l y s i s  i s  b e i n g  a s s e m b l e d .  
The g o a l  i s  t o  d e v e l o p  a c o m p r e h e n s i v e  c o m p u t e r  
p r o g r a m  l i b r a r y  f o r  t r a n s m i s s i o n  s y s t e m  m o d e l i n g ,  
F i g u r e  ( 3 ) .  
I n f o r m a t i o n  o f  a s i m i l a r  n a t u r e  a n d  p u r -  
The u n i q u e  f a c i l -  
Gear  a n d  T r a n s m i s s i o n  L i f e  
P i t t i n g  f a t i g u e  i s  a n a t u r a l  wear  out mode o f  g e a r  
f a i l u r e  a n d  o c c u r s  e v e n  u n d e r  i d e a l  o p e r a t i n g  con -  
d i t i o n s  w i t h  p r o p e r  l u b r i c a t i o n  a n d  s t r e s s  l e v e l s .  
F o r  each  h o u r  o f  o p e r a t i o n  t h e r e  i s  a r e l i a b i l i t y  
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level which can be calculated. Early work at NASA 
provided an analytical methodology for calculating 
life and reliability for gears assuming a quasi- 
static load on the gear teeth, Reference (9). It 
was desired, therefore, to improve on this method- 
ology by replacing the assumed quasi-static load 
with a calculated dynamic load in the life and 
reliability model. 
TELSGE. a NASA gear dynamic load prediction pro- 
gram, Reference (lo), was modified, a pitting- 
fatigue-life prediction analysis was added and 
parametric studies were performed. The study 
identified contact ratio and operating speed as 
the two most influential parameters among those 
studied, Reference (11). As a result, gear life 
can be increased through the improved analytical 
life prediction method. 
Drive system life and reliability are important 
issues during the design, development and field 
operdtion of helicopters. Analytical tools are 
needed for design and for comparing competing and 
alternate designs. 
To meet this need, a versatile computer program 
was developed to predict helicopter transmission 
life, Figure ( 4 ) ,  Reference ( 1 2 ) .  The program can 
analyze a variety of configurations composed of 
spiral bevel gears and planetary gears. The pro- 
gram determines the forces on each bearing and 
gear for a given transmission configuration and 
applied load. The life of each bearing and gear 
is determined. Program output includes component 
and total system lives and load capacity for a 
given mission profile. The program predicts mean 
time between failures (MTBF) and can be used to 
evaluate proposed new designs and to project spare 
parts requirements for helicopter fleet operations. 
Gear Noise 
Historically, helicopters have been plagued by 
internal noise problems. Noise levels range from 
100-120 dBa in the cabin. The sound can be from 
many sources, such as the transmission gear noise, 
the turbine engine compressor and exhaust noise, 
the rotor blades, and air turbulence. The trans- 
mission is a particularly troublesome source and 
is believed to be the main source of annoying 
noise in the helicopter cabin. The noise from the 
transmission enters the cabin following two paths, 
structure borne radiation and direct radiation, 
Figure ( 5 ) .  The magnitude of the direct radiation 
is a function of the acoustic power radiated from 
the transmission case, transmitted acoustically to 
the cabin outer walls, and transferred through to 
the cabin. Of course if there are any small open- 
ings in the wall between the transmission compart- 
ment and the cabin the sound will directly enter 
the cabin. The structure borne path is particu- 
larly hard to block because the transmission case 
and its mounts are an integral part of the lift- 
load bearing path. The transmission mounts must 
be strong and rigid: strong enough to support the 
entire helicopter by transferring the lift-load 
from the rotor blades to the air frame; and rigid 
enough for stable control of the helicopter. The 
stiff mounts pass the gear vibrations exceedingly 
well to the airframe, and the sound transmits to 
the cabin directly. 
present program in transmissions is devoted to 
finding solutions to this problem. 
Spiral bevel gears are used in helicopters to 
transmit power "around the corner" from a horizon- 
tal engine output shaft to the vertical rotor 
shaft. Vibration from spiral bevel gears is a 
strong source of transmission noise, Figure (6), 
Reference ( 1 3 ) .  
The goal of a recent study was to relate gear 
noise to physical factors such as deviations of 
tooth surfaces and gear shaft centerlines from 
their ideal positions; tooth and gear body stiff- 
ness; bearing and housing support flexibility 
and input shaft torque. Equations have been deve- 
loped for computing the vibration and noise of the 
gear drive system. The work completed: (a) pro- 
vides the first detailed mathematical understand- 
ing of generalized transmission error in spiral 
bevel gears, (b) allows prediction of vibration 
excitation based on gear tooth measurements, and 
(c) relates gear noise to physical design parame- 
ters and therefore provides a basis for future 
improvements in spiral bevel gear design, 
Reference ( 1 4 ) .  
The major portion of our 
ADVANCED TRANSMISSIONS 
Advancements in transmissions can come from either 
improved components and improved designs of the 
transmission system, Figure ( 7 ) .  The split torque 
arrangement is in the second category. Figure (7a) 
shows a split torque design which is compatible 
with the Blackhawk (UH-60A) helicopter. The fun- 
damental concept o f  the split torque design is 
that the power from the engine is divided into two 
parallel paths prior to recombination on a single 
gear that drives the output shaft. Studies have 
shown that replacement of the planetary gear 
reduction stage with a split torque results in 
weight savings and increased reliability, Refer- 
ence (15). There can be many pinions driving the 
output gear, but in the case of the UH-60A appli- 
cation it was found that four pinions gave the 
optimum design on the basis of least overall 
weight, reduced power losses, comparable total 
parts count compared to the existing UH-60 design, 
and least number (one) of nonredundant gears. 
The advantage of split torque over planetary is 
greatest for the larger sized helicopters. 
The engineering analysis showed that the following 
performance benefits can be achieved for a 3600 hp 
split torque transmission compared to the conven- 
tional transmission with a planetary gear stage: 
(a) weight is reduced 15 percent, (b) drive train 
power losses are reduced by 9 percent, (0 relia- 
bility is improved and vulnerability is reduced 
because of redundant power paths, and (d) the 
number of noise generation points (gear meshes) 
is reduced. 
The transmission has potential for installation 
in the Blackhawk helicopter. The design study 
has carried the transmission to the detail design 
stage for a test model to be used for validation 
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studies in the NASA Lewis 3000 hp helicopter 
transmission facility, but a test model has not 
been built. For the transmission to be used in 
the Blackhawk, a separate detail design and 
installation study would first be required. 
The design emphasis for the NASA/Bell Helicopter 
Tetron (BHT), 500 hp advanced technology demon- 
strator transmission, Figure (7b), was placed on 
designing a 500 hp version of the OH-58C, 317 hp, 
transmission that would have a long, quiet life 
with a minimum increase in the cost, weight, and 
space that usually increases along with power 
increases. This was accomplished by implementing 
advanced technology that has been developed dur- 
ing the last decade and making improvements dic- 
tated by field experience, Reference (16). 
These advanced technology components, concepts, 
and improvements; and their effect on the 500 hp 
transmission are: 
reduce the noise level and increase life. 
carburized gear s tee1 s ,  shot peened for increased 
gear tooth pitting fatigue life, as well as gear 
tooth bending fatigue strength, and lubricated 
with Aeroshell 555 oil save weight and space and 
increase transmission life. 
and designed with improved analytical tools to 
save weight and space and increase reliability. 
made of two piece construction with straddle 
mounting of the planet gears for improved gear 
alignment and power capacity. 
has no working spline to generate wear debris; it 
isolates the meshing teeth from the housing to 
reduce noise; and it provides a flexible mount 
for a more uniform load distribution among the 
planets . 
(crown hobbed and hardened) running submerged in 
a bath of flow through oil which prevents the 
spline from wearing. 
higher torque to be transmitted without detrimen- 
tal shifting of the tooth contact pattern. 
In summary, the improved 500 hp design has a 
weight/hp ratio of 0.26 lb/hp compared to 0.37 
lb/hp for the 317 hp OH-58C transmission. This 
transmission is the basis for the transmission in 
the Army’s improved OH-5BD model helicopter. 
One recent development in the area of high 
performance power transmissions is the self- 
aligning, bearingless planetary (SABP), Refer- 
ence (17), Figures (7c) and (7d). This transmis- 
sion arrangement can be generically classified as 
a quasi-compound planetary which utilizes a sun 
gear, planet spindle assemblies, ring gears, and 
rolling rings. 
The design study projects a weight savings of 17 
to 30 percent and a reliability improvement fac- 
tor of 2:l over the standard transmission. The 
benefits of using a SABP transmission are most 
( 1 )  Hiqh contact ratio planetary gear teeth 
( 2 )  Improved spiral bevel gears made of vacuum 
(3) Improved bearings made of cleaner steels, 
(4) Improved design of the planet carrier 
( 5 )  The cantilever-mounted planetary ring gear 
( 6 )  The sun gear now has an improved spline 
(7) The straddle-mounted bevel gear allows 
effective when one uses reduction ratios between 
16:l and 2 6 : l .  It permits high reduction in two 
compound stages of high efficiency, providing suf- 
ficient flexibility and self-centering to give 
good load distribution between planet pinions, 
while effectively isolating the planetary elements 
from housing deflections. 
This new transmission concept offers advantages 
over transmissions that use conventional planetary 
gears: higher reduction ratio, lighter weight, 
increased reliability, and decreased vulnerability. 
Since it has no planet bearings, there is a weight 
savings and power losses and bearing failures com- 
monly associated with conventional-design transmis- 
sion are nonexistent. 
In conventional-design transmissions, planet bear- 
ings are heavily loaded and are the weak link 
when the lubricant is interrupted. The SABP 
transmission has decreased vulnerability because 
of increased operating time after loss of 
lubricant since there are no planet bearinqs. 
One SABP transmission, Figure (7c), with a 
17.44:l ratio is currently being tested in the 
500 hp transmission facility at NASA Lewis, and 
another variant, Figure (7d), with a ratio o f  
101:l is being fabricated for testing. 
FUTURE PLANS 
Rotorcraft for the 1990’s and beyond require an 
extremely light, long-lived and quiet drive sys- 
tems. The NASAIArmy research, along with the hel- 
icopter builders’ careful designs, has provided 
reliable and strong drive systems for civilian 
and Army helicopters. This paper has reviewed 
significant research in drive systems and their 
components. 
fhe critical issues are: (a) to achieve signifi- 
cant advances in power-to-weight ratio, (b) to 
increase reliability, and (c) to reduce the trans- 
mission noise. New concepts t o  achieve these 
goals have been investigated. The advanced 500 hp 
transmission has explored an increased power-to- 
weight ratio using advanced design techniques, 
component improvements, and advanced materials. 
The value of this kind of research activity was 
realized during the upgrading of the Army’s OH-58 
helicopter to the D model, when the research on 
the advanced 500 hp transmission laid the ground 
work for the transmission in the D model. The 
bearingless planetary transmission with helical 
gears offers advantages in reliability and reduced 
noise. The split torque concept offers signifi- 
cant weight savings for large size helicopters. 
Our plan for future NASAIArmy Transmission 
Research calls for increased emphasis on noise 
reduction, an aggressive development of computer 
aided design codes for transmissions, and the 
design and construction of demonstrator transmis- 
sions in large and small size categories, 
Figure ( 8 ) .  
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ADVANCED ROTORCRAFT TRANSMISSION (ART) PROJECT 
The Advanced  R o t o r c r a f t  T r a n s m i s s i o n  (ART) Tech-  
n o l o g y  I n t e g r a t i o n  D e m o n s t r a t i o n  i s  a n  ArmylNASA 
p r o g r a m  i n c o r p o r a t i n g  k e y  e m e r g i n g  m a t e r i a l  and  
component  t e c h n o l o g i e s  and  new d e s i g n  c o n c e p t s  
for advanced  r o t o r c r a f t  t r a n s m i s s i o n s .  The 
i n t e n t  i s  t o  make a q u a n t u m  j u m p  i n  t h e  s t a t e -  
o f - t h e - a r t .  The p r o g r a m  p r o v i d e s  f o r  t h e  d e s i g n ,  
c o n s t r u c t i o n  a n d  t e s t i n g  o f  two d i f f e r e n t - s i z e d  
t r a n s m i s s i o n s .  One s i z e  r a n g e  w i l l  be a p p l i c a b l e  
t o  a 10 000 l b  t o  2 0  000 l b  g r o s s  w e i g h t  f u t u r e  
a t t a c k  r o t o r c r a f t .  The o t h e r  s i z e  i s  f o r  a 
6 0  000 l b  t o  8 5  000 l b  a d v a n c e d  c a r g o  a i r c r a f t .  
T h e r e  a r e  t h r e e  o b j e c t i v e s  to t h e  p r o g r a m :  ( a )  
t r a n s m i s s i o n  w e i g h t  i s  t o  be r e d u c e d  b y  
2 5  p e r c e n t  compared  t o  d e s i g n  and  component  
c a p a b i l i t i e s  r e p r e s e n t e d  b y  c u r r e n t l y  f i e l d e d  
t r a n s m i s s i o n  s t a t e - o f - t h e - a r t ;  ( b )  t r a n s m i s s i o n  
n o i s ?  g e n e r a t i o n  i s  t o  b e  r e d u c e d  b y  10 dB com- 
p a r e d  t o  s t a t e - o f - t h e - a r t  c a p a b i l i t i e s ;  a n d  
( c )  mean t i m e  b e t w e e n  r e m o v a l  i s  t o  b e  a t  l e a s t  
5000  h r .  These a r e  r e c o g n i z e d  as  b e i n g  amb i -  
t i o u s  b u t  r e a l i s t i c  o b j e c t i v e s ,  a n d  a d d r e s s  
a t t r i b u t e s  o f  r o t o r c r a f t  t r a n s m i s s i o n s  t h a t  s i g -  
n i f i c a n t l y  i m p a c t  a i r c r a f t  p e r f o r m a n c e .  
ART p r o v i d e s  the r o t o r c r a f t  i n d u s t r y ,  for t h e  
f i r s t  t i m e ,  a n  o p p o r t u n i t y  t o  advance  t h e  t e c h n o l -  
o g y  b a s e l i n e  o f  t r a n s m i s s i o n s  v i a  a p a t h  s i m i l a r  
t o  t h a t  t r a d i t i o n a l l y  f o l l o w e d  i n  e n g i n e  d e v e l o p -  
m e n t ,  n a m e l y  t h r o u g h  t e c h n o l o g y  d e m o n s t r a t o r  
p r o g r a m s .  
ART c o n s i s t s  o f  two p h a s e s .  The f i r s t  p h a s e ,  j u s t  
r e c e n t l y  i n i t i a t e d ,  i s  t h e  " P r e l i m i n a r y  D e s i g n  and 
Component  D e v e l o p m e n t "  phase ,  a n d  i n v o l v e s  f o u r  
i n d u s t r y  p a r t i c i p a n t s .  I n  t h e  e a r l y  p a r t  o f  t h i s  
p h a s e  a c o n c e p t u a l  b a s e l i n e  t r a n s m i s s i o n  r e p r e -  
s e n t i n g  c u r r e n t l y  f i e l d e d  s t a t e - o f - t h e - a r t  w i l l  b e  
d e f i n e d .  T h i s  w i l l  p r o v i d e  t h e  b a s i s  f o r  c o m p a r i n g  
d i f f e r e n t  a d v a n c e d  d e s i g n  c o n c e p t s  a n d  f o r  a s s e s s -  
i n g  t h e  i m p a c t  o f  v a r i o u s  componen t  t e c h n o l o g i e s  
w i t h  r e s p e c t  t o  a c h i e v i n g  t h e  ART o b j e c t i v e s .  A 
f i n a l  s e l e c t i o n  o f  t h e  ART t r a n s m i s s i o n  c o n f i g u r a -  
t i o n  a l o n g  w i t h  a l i s t  o f  k e y  t e c h n o l o g i e s  r e q u i r -  
i n g  s u b s t a n t i a t i o n  or a d d i t i o n a l  d e v e l o p m e n t  t h e n  
f o l l o w s .  The k e y  t e c h n o l o g y  i s s u e s  a r e  a d d r e s s e d  
t h r o u g h  e x e c u t i o n  o f  a s u p p o r t i n g  t e s t  p l a n ,  and  
t h e  r e s u l t s  i n t e g r a t e d  i n t o  t h e  p r e l i m i n a r y  
d e s i g n .  I t  i s  e x p e c t e d  t h a t  t h e  f i r s t  p h a s e  of 
t h e  ART p r o g r a m  w i l l  be c o m p l e t e d  b y  1992 .  A sum- 
m a r y  o f  t h e  component  t e c h n o l o g i e s  t h a t  w i l l  b e  
a d d r e s s e d  i n  t h e  ART p r o g r a m  i s  i n  T a b l e  I. N o t e  
t h a t  t h e  s p e c i f i c  ART o b j e c t i v e s  a r e a s  ( w e i g h t ,  
n o i s e ,  and  mean t i m e  b e t w e e n  r e m o v a l )  b y  e a c h  com- 
p o n e n t  t e c h n o l o g y  a r e  i n d i c a t e d .  The e x p e c t e d  
l o n g  r a n g e  i m p a c t s  and  f o l l o w - o n s  t o  t h e  ART phase  
o n e  c o n t r i b u t i o n s  a r e  summar i zed  i n  T a b l e  11. 
The second  p h a s e  o f  t h e  ART p r o g r a m  s c h e d u l e d ,  
f o r  i n i t i a t i o n  p r i o r  t o  f u l l  c o m p l e t i o n  o f  t h e  
f i r s t  p h a s e ,  i s  " D e t a i l e d  D e s i g n ,  F a b r i c a t i o n ,  
and  D e m o n s t r a t i o n "  o f  t h e  t r a n s m i s s i o n  c o n c e i v e d  
i n  t h e  f i r s t  p h a s e .  I t  i s  a n t i c i p a t e d  t h a t  two 
p a r t i c i p a n t s  w i l l  be i n v o l v e d  i n  t h e  second  p h a s e .  







7 .  
8 .  




w i l l  be a v a l i d a t e d  t r a n s m i s s i o n  i n c o r p o r a t i n g  
p r o v e n  advanced  t e c h n o l o g y  m a t e r i a l s  and  compo- 
n e n t s ,  r e a d i l y  a d a p t a b l e  t o  n e x t  g e n e r a t i o n  ro tor -  
c r a f t  s y s t e m s .  C o m p l e t i o n  of t h e  ART second  phase  
i s  e x p e c t e d  i n  1 9 9 4 .  
Coy,  J . J . ;  Townsend, D . P . ;  and Coe, H . H . :  
R e s u l t s  o f  NASAIArmy T r a n s m i s s i o n  R e s e a r c h .  
NASAIArmy R o t o r c r a f t  T e c h n o l o g y ,  Vol .  2 - 
M a t e r i a l s  and  S t r u c t u r e s ,  P r o p u l s i o n  a n d  
D r i v e  Sys tems ,  F l i g h t  Dynamics  and  C o n t r o l ,  
and A c o u s t i c s ,  NASA CP-2495-VOL-2, USAAVSCOM 
TR-87-C-3, 1987 ,  p p .  769-801.  
M i t c h e l l ,  A . M . ;  O s w a l d ,  F .B . ;  and  Coe,  H .H . :  
T e s t i n g  o f  UH-60A H e l i c o p t e r  T r a n s m i s s i o n  i n  
NASA L e w i s  2240-kW (3000 h p )  F a c i l i t y .  NASA 
TP-2626. 1986 .  
Coy ,  J . J . ;  M i t c h e l l ,  A.M.; a n d  Hamrock,  
B . J . :  T r a n s m i s s i o n  E f f i c i e n c y  Measuremen ts  
a n d  C o r r e l a t i o n s  w i t h  P h y s i c a l  C h a r a c t e r i s t i c s  
o f  t h e  L u b r i c a n t .  NASA TM-83740, AVSCOM 
TR-84-C-11 , 1984 .  
L e w i c k i ,  D . G . ;  a n d  Coy,  J . J . :  V i b r a t i o n  
C h a r a c t e r i s t i c s  o f  t h e  OH-58A H e l i c o p t e r  M a i n  
Rotor T r a n s m i s s i o n .  NASA TP-2705, USAAVSCOM 
TR-86-C-42, 1987 .  
Hadden, G . B . ,  e t  a l . :  U s e r ' s  Manua l  f o r  
Compute r  P r o g r a m  AT81Y003 SHABERTH. 
(SKF-AT81D040, SKF T e c h n o l o g y  S e r v i c e s ;  NASA 
C o n t r a c t  NAS3-22690) NASA CR-165365, 1981 .  
Dyba,  G . J . ;  and  K l e c k n e r ,  R.J . :  H i g h  Speed 
C y l i n d r i c a l  R o l l e r  B e a r i n g  A n a l y s i s .  SKF 
Compute r  P r o g r a m  CYBEAN, V o l .  2 ,  U s e r ' s  
M a n u a l .  (SKF-AT81D049, SKF T e c h n o l o g y  
S e r v i c e s ;  NASA C o n t r a c t  NAS3-22690) NASA 
CR-165364, 1 9 8 1 .  
K l e c k n e r ,  R.J . ;  Dyba.  G.J. ;  a n d  Ragen,  M . A . :  
SKF Compute r  P r o g r a m  SPHERBEAN, Vol. 2 - U s e r ' s  
M a n u a l .  (AT81D007, SKF T e c h n o l o g y  S e r v i c e s ;  
NASA C o n t r a c t  NAS3-22807) .  NASA CR-167859, 
1982 .  
Hadden.  G .B . ,  e t .  a l . :  U s e r ' s  Manual  f o r  SKF 
Compute r  P r o g r a m  AT81Y005, PLANETSYS. 
(SKF-AT81D044. SKF T e c h n o l o g y  S e r v i c e s ;  NASA 
C o n t r a c t  NAS3-22690) NASA CR-165366, 1981 .  
C o y . ,  J . J . ;  Townsend, D . P . ;  a n d  Z a r e t s k y ,  
E . V . :  
L o w - C o n t a c t - R a t i o  Spur  Gears  u s i n g  
L u n d b e r g - P a l m g r e n  T h e o r y .  NASA TN D-8029, 
1975.  
Wang, K . L . ;  and  Cheng. H . S . :  The rma l  
E l a s t o h y d r o d y n a m i c  L u b r i c a t i o n  o f  S p u r  
G e a r s .  NASA CR-3241. 1980 .  
A n a l y s i s  o f  Dynamic C a p a c i t y  o f  
1 1 .  L e w i c k i ,  D . G . :  P r e d i c t e d  E f f e c t  o f  Dynamic 
Load  o n  P i t t i n g  F a t i g u e  L i f e  f o r  Low-Con tac t -  
R a t i o  S p u r  G e a r s .  NASA TP-2610, AVSCOM 
TR-86-C-21 . 1986.  
12 .  Savage ,  M . ;  and B r i k m a n i s ,  C . K . :  Sys tem L i f e  
a n d  R e l i a b i l i t y  M o d e l i n g  for  H e l i c o p t e r  
T r a n s m i s s i o n s .  NASA CR-3967, 1986.  
1 3 .  Coy ,  J . J . ,  e t  a l . :  I d e n t i f i c a t i o n  and  
P r o p o s e d  C o n t r o l  of H e l i c o p t e r  T r a n s m i s s i o n  
N o i s e  a t  t h e  S o u r c e .  NASAIArmy R o t o r c r a f t  
T e c h n o l o g y ,  Vol. 2 - M a t e r i a l s  and  S t r u c t u r e s ,  
P r o p u l s i o n  and  D r i v e  Sys tems ,  F l i g h t  Dynamics  
a n d  C o n t r o l ,  and  A c o u s t i c s ,  NASA CP-2495- 
VOL-2, USAAVSCOM TR-87-C-2, 1987 ,  
p p .  1045-1065 .  
1 4 .  M a r k ,  W.D. :  A n a l y s i s  o f  t h e  V i b r a t o r y  
E x c i t a t i o n  A r i s i n g  from S p i r a l  B e v e l  G e a r s .  
NASA CR-4081, 1987 .  
15 .  W h i t e ,  G . :  The 3600 h p  S p l i t - T o r q u e  
H e l i c o p t e r  T r a n s m i s s i o n .  NASA CR-174932, 
1985 .  
1 6 .  B r a d d o c k .  C . E . ;  and  B a t t l e s ,  R . A . :  D e s i g n  o f  
a n  Advanced  500 h p  H e l i c o p t e r  T r a n s m i s s i o n .  
Advanced  Power T r a n s m i s s i o n  T e c h n o l o g y ,  G.K. 
F i s c h e r ,  e d . ,  NASA CP-2210, AVRADCOM 
TR-82-C-16, 1983 ,  p p .  123-139.  
17.  F o l e n t a ,  D . J . :  D e s i g n  S t u d y  o f  S e l f - A l i g n i n g  
B e a r i n g l e s s  P l a n e t a r y  (SABP). (TTC-80-01R. 
T r a n s m i s s i o n  T e c h n o l o g y  Co . ;  NASA C o n t r a c t  
NAS3-21604) NASA CR-159808. 1980 .  
Table 1. Techn ica l  Con ten t  of A r t  Program 
Ma jo r  
Technology Emphasis 
WT Noise MTBR 
Composites 
Housing 
I n t e g r a l  high-speed c o u p l i n g l s h a f t  
C lu tches  
Bear ings  
S p h e r i c a l l t a p e r e d  
N o n m e t a l l i c  ( i . e .  r o l l e r s ,  cage) 
S h a f t  i n t e g r a l  
Improved analysis 
Mat l . /process ing lMFG 
Gears 
H e r r i n g b o n e l b u t t r e s s  
Con forma 1 
Soft  t o r q u e  dev i ce  
High c o n t a c t  r a t i o  spu r  and beve l  
Zero k i n e m a t i c  e r r o r  s p i r a l  beve l  
Noise attenuationlcancellation 
S h a f t  s e a l s  
L u b r i c a n t s l c o o l i n g  
M i n i  l ube  system 
Grease l u b r i c a n t  
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ORIGINAL PAGE IS 
OE POOR QUALITX 
6 
REQUIREMENT GOAL BENEFIT 
LIGHTER DRIVE TRAIN SPECIFIC WEIGHT INCREASED RANGE AND 
0.3 TO 0.5 lblhp PAYLOAD 
(CURRENTLY 0.4 TO 0.6 Iblhp) 
STRONGER 
MORE RELIABLE 5000-hr MEAN TIME BETWEEN OVERHAULS LOWER OPERATING COST 
(MTBO) AND SAFER OPERATION 
(CURRENTLY 500 TO 2000 hrs) 
(CURRENTLY 100 TO 110 dB) 
IIUIETER 70 TO 80 dB IN CABIN GREATER USE FOR COMMER- 
ClAL COMMUTER SERVICE 
INCREASED PASSENGER AND 
PILOT COMFORT 
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OF POOR QUALITY 
SIGNIFICANCE: 
VERSATILE COMPUTER PROGRAM FOR 
PREDICTING TRANSMISSION LIFE 
AND RELIABILITY 
AND COMPETING DESIGNS 
USED TO PLAN SPARE PARTS REQUIRED 
TOOL FOR EVALUATING PRELIMINARY 
PROBABILITY 
OF 
FAILURE PROVIDES INFORMATION THAT CAN BE 
b . 
HELICOPTER TRANSMISSION 
PLANETARY STAGE ’ 
SPIRAL BEVEL STAGE ’ 
FEATURES: 
INPUTS: TRANSMISSION CONFIGURATION, 
OUTPUTS: TRANSMISSION COMPONENTS 
LOAD, AND SPEED 
AND SYSTEM LIVES 
CD-87-28722 
FIGURE 9. - HELICOPTER TRANSMISSION L I F E  AND RELIABIL ITY COMPUTER PROGRAM. 
TRANSMISSION NOISE PATHS 
TRANSMISSION -, STRUCTURE-BORNE 












MATHEMATICAL MODEL OF ZONE OF 
TOOTH CONTACT FOR SPIRAL BEVEL 
GEARS 
....- BEVEL GEAR NOISE 
I NEW UNDERSTANDING OF THREE-DIMENSIONAL 
NATURE OF TOOTH MESHING 
FOR NOISE EXCITATION FUNCTION 
TIME AND FREQUENCY DOMAIN ANALYSIS 
A J J U  
FREQUENCY 
NASA CR 4081 
SIGNIFICANCE: 
ALLOWS PREDICTION OF VIBRATION 
FROM GEAR MEASUREMENTS 
PROVIDES BASIS FOR FUTURE 
IMPROVEMENTS I N  SPIRAL BEVEL 
GEAR DESIGN 
CD-87-28724 
SPIRAL BEVEL GEARS 




1 \-FOUR FINAL DRIVE PINIONS; 
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(b)  500-hp/ADVANCED COMPONENTS. 
FIGURE 7 .  - ADVANCED TRANSM I SS 1 ONS , 
1 1  
CD-86-212 
tc) 500-hp BEARINGLESS PLANETARY (LOW-RATIO). 
( d )  500-hp BEARINGLESS PLANETARY (HIGH-RATIO). 
FIGURE 7.  - CONCLUDED. 
1 2  
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CARGO AIRCRAFT (ACA) 
AND FUTURE AllACK 
ROTORCRAFT (FAR) . 
CD-87-28726 
FIGURE 8. - FUTURE THRUST. 
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